Supplemental Figures and
.1 DNA primer/template substrates used in this study. Figure 4B -D, S2, S3A-C, and 5D; (C) and (D), DNA substrates used in the experiment shown in Figure 4E . All of the primer/template substrates consist of a 79 mer template strand hybridized to a 23 mer 3!-H-terminated primer strand. The n=0 template residue is shown in blue type for each substrate. The n=0 and +1 positions are indicated by the arrows below the template strand in panel S1A. The abasic (1!,2!-H) residues are shown as red Xs in each template strand, and their position within the strand (relative to the n=0 residue) is indicated above the strand sequences. 3'-CCGATGCTGGACGTACTCTTACGCTATCACTCTAGAXXXXXXTACCATTAATTAACCTTACTCACCTTCCTATCCACTC-5'
5'-GGCTACGACCTGCATGAGAATGCH

+13 +18
3'-CCGATGCTGGACGTACTCTTACGCTATCACTCTAXXXXXXCTTACCATTAATTAACCTTACTCACCTTCCTATCCACTC-5'
5'-GGCTACGACCTGCATGAGAATGCH
+11 +16
Note that the abasic residues are positioned beyond the region of the single-stranded template that interacts with KF (1) in order to avoid affecting the biochemical properties of the polymerase-DNA complexes. The 20 residue binding site for the trans side tethering oligonucleotide used in the experiments in Figure 5 , B-D is shown in green letters. respectively. The plots for data files collected after each one of a series of sequential substrate additions are labeled with lower case Roman numerals. In plots A(i) and C(i) the experiments contained 2 !M KF and the n=0=A primer/tempate substrate shown in Figure 4A (ii) at 1 !M. In plot B(i) the experiment contained 2 !M KF and the n=0=C primer/tempate substrate shown in Figure 4A (i) at 1 !M. In A(ii), B
KF-DNA complexes formed with complementary nucleotides.
(ii), and C(ii), the second primer/template substrate was added so that these plots all contained 1 !M each of the primer/template substrates in Figure 4A (2, 3) . In the experiments in Figure 5 , B-D, primer/ template molecules were captured at +180 mV (i-ii), and the voltage was promptly lowered to +40 mV for 50 ms (iii). This holds the duplex DNA in the nanopore vestibule long enough so that the DNA can be tethered in the nanopore by annealing an oligonucleotide to the 5' end of the template strand in the trans chamber. In this state, the primer/template junction is sequestered in the nanopore vestibule and is inaccessible to KF in the cis chamber (iii). After a DNA molecule is tethered, a voltage reversal (to -20 mV) is applied, which exposes the primer-template junction to KF and the indicated nucleotide substrates in the cis chamber (iv; 'fishing') for a controlled interval (200 ms in Fig. 5B-D Using this method, the duration of the fishing interval can be precisely controlled. We varied this interval in control experiments which established that the effect of noncomplementary dNTPs on KF-DNA complex dwell time had reached equilibrium before 200 ms (not shown). 
Removing outliers from dwell time samples by truncation
Let t j , j = 1, 2, K, N { } be a set of dwell time samples where N is number of samples.
We consider the case where most samples (good samples) in the set are from an exponential distribution while the rest few (outliers) are from an unknown distribution. We don't know the distribution of outliers but we know outliers tend to have large values. One strategy of reducing the effect of outliers is to remove most outliers by truncating the sample set at a threshold tC (i.e., throwing out all samples above tC) and fitting the truncated sample set to a truncated exponential distribution
We use the maximum likelihood estimation to calculate the value of ". We consider the log likelihood
where n is the number of samples remaining after the truncation. An estimated value for " is calculated by maximizing the log likelihood function
For a given data set, the truncation threshold tC is uniquely related to the truncation fraction q (where q is defined as the fraction of samples thrown out at the high end). A lower value of tC corresponds to a higher value of q. Mathematically and practically, it is more convenient to use q to characterize the truncation.
For the purpose of removing outliers, it is desirable to set the truncation fraction q to a high value so that almost all remaining samples after truncation are good samples. On the other hand, however, truncating will increase the statistical error in the estimated parameters. To illustrate the effect of truncation on the statistical error, we consider a set of unpolluted samples drawn from an exponential distribution. It can be shown that the relative statistical error as a function of truncation fraction q is approximately given
Effect of reduction in number of samples 1 2 4 3 4
Effect of having a truncated distribution
2 44 3 44
After the truncation, the number of samples is reduced from N to N(1-q) . In the equation above, the first term on the right hand side shows the effect of having fewer samples after truncation. However, truncation also increases the statistical error in another way: the truncated distribution is less effective and less robust in determining the parameters, which is represented in the second term. When we increase q from q = 0 (no truncation) to q = 50%, the first term is increased only by a factor of 2 ! 1.4 while the second term is increased more drastically by a factor of 1 1 ! 2 log 2 ( )
2
" 5.1. This example demonstrates that for a high value of q, the increase in the statistical error is much larger than that caused by the reduction in the number of samples. It is clear that while it is necessary to set q large enough to weed out outliers, it is equally important to keep q low enough to suppress the drastic increase of statistical error caused by having a truncated distribution with large truncation. Therefore, we need to strike a balance between weeding out outliers and keeping the statistical error small. For that goal, we need something to measure whether the remaining samples after truncation are already consistent with the fitted model. Specifically, we consider a distance between the truncated samples and the fitted model defined below.
Let X denote the random dwell time truncated at tC. For the fitted model, we have
Let t j +1/2 = t j + t j +1 . From the samples remaining after the truncation, we can estimate
Thus, if the samples remaining after the truncation are already consistent with the fitted model, we have
We define a distance between the fitted model and the samples remaining after truncation as
In the distance function above, all of n, t C , and ! depend on the truncation fraction q.
In the presence of outliers, the truncation fraction q is different from the fraction of good samples that are truncated. Let q2 denote the fraction of good samples truncated. q2 is approximately given by
where both t C and ! depend on q. Thus, in the presence of outliers, the statistical error has the
To find a suitable truncation, we consider the sum of the statistical error and the distance between the truncated data and the fitted model
Mathematically, the total error, Error(q), attains the minimum value at arg min q Error q ( ) .
We limit the largest allowed truncation to 5%. So we set the truncation fraction q truncation as q truncation = min arg min We first derive analytic expressions for conditional mean dwell times T 1 and T 2 .
Suppose the KF-DNA complex starts in state 1 (binary state) at time t = 0. For small !t, the KF-DNA complex has several possibilities in time interval (0, !t):
It follows that
Dividing both sides by !t and taking the limit as !t goes to zero yields
which gives us one equation for T 1 and T 2 . To solve for T 1 and T 2 , we need a second equation. We look at the case where the KF-DNA complex starts in state 2 (ternary state) at time t = 0.
For small !t, the KF-DNA complex has several possibilities in time interval (0, !t):
Dividing both sides by !t and taking the limit as !t goes to zero gives us
Thus, we have two linear equations for T 1 and T 2 .
Substituting (S2) into (S1) to eliminate T 2 and then solving for T 1 , we get
Once the expression of T 1 is known, T 2 is calculated using (S2)
The overall mean dwell time is related to T 1 and T 2 as
Using the expressions of T 1 and T 2 , we obtain
This is the mathematical expression for the mean dwell time of KF-DNA complexes held atop the nanopore, as a function of dGTP concentration (complementary dNTP). It has 5 model parameters:
Parameter k 1 (the dissociation rate of KF in the binary state) is determined from the mean dwell time in the absence of dGTP.
Using the dwell time samples measured at [dGTP] = 0, we obtain k 1 = (1.001 ± 0.025) # 10 -1 (ms) -1 = 100.1 ± 2.5 s -1 It is difficult to determine all 5 parameters from titration experiments. Below, we expand 1 T in terms
for high dGTP concentrations. We hope that after the expansion, some parameters will drop out of the asymptotic expression so that the remaining parameters can be estimated from experimental data.
Therefore, we arrive at the asymptotic expression of 1 T for high dGTP concentrations
k on is the binding affinity of dGTP.
In the asymptotic expression above, there are only two unknown parameters remaining: k 2 and K d (k 1 has been determined from T dGTP Then, for each artificial data set, we do least square fitting to determine a set of (k 2 , K d ). The standard errors are calculated from the N sets of estimated (k 2 , K d ).
Mathematical model for the binary state fraction
In this section, we derive the mathematical model for the fraction of capture events that are KF-DNA binary complexes in the presence of non-complementary dNTPs. We also discuss how to estimate the binding affinity of non-complementary dNTPs from experimental data.
In our experiments, the bulk solution contains equal concentrations of three noncomplementary dNTPs.
That concentration is reported in the text as "Incorrect dNTP Concentration". We use C incorrect to denote "Incorrect dNTP Concentration".
In the discussion below, we treat the three noncomplementary dNTPs as one composite species, and represent it as dNTP incorrect . The concentration of the composite species dNTP incorrect is
Basically, C incorrect is the concentration of each of three noncomplementary dNTPs and [dNTP incorrect ] is the concentration of the composite species of three noncomplementary dNTPs.
In the titration experiments reported in Figure 5 of the text, the concentration of KF is fixed while the concentration C incorrect is increased from 0 to 1200 µM. The equilibrium between p 0 and p 1 is determined by the concentration of KF and is independent of the concentration C incorrect . So we have
( ) denote the effective binding affinity of the composite species dNTP incorrect . The equilibrium between p 1 and p 2 is described by
In addition, the sum of probabilities should equal to 1.
p 0 (C incorrect ) + p 1 (C incorrect ) + p 2 (C incorrect ) = 1
Solving for p 1 (C incorrect ) from these three equations, we obtain
Therefore, we arrive at 
